Development of new drugs is needed to resist the situation of diseases caused by drug resistant bacteria for public health safety. Natural resource is a big source to find candidates having antibacterial activity and aquatic weed is such a natural resource possessing such activity. The current study was aimed to determine the effectiveness of sea weed (Sargassum muticum) and fresh water weed/duckweed (Spirodela polyrrhiza) against six bacterial isolates Klebsiella pneumonia, Escherichia coli, Staphylococcus aureus, Pseudomonas aeruginosa, Pseudomonas luteola and Bacillus subtilis. The potency of methanol and ethanol extracts of these weeds was compared to determine the best candidate of weeds in inhibiting bacteria. Both agar well diffusion method and micro dilution was done to observe the antibacterial activity. Ethanol extract of Sargassum muticum worked best against Pseudomans aeruginosa (30mm zone of inhibition) and no activity against Bacillus subtilis. Methanol extract of the same Sargassum muticum showed less activity compared to ethanol extract except for Bacillus subtilis where it showed 21mm zone of inhibition. Ethanol and methanol extracts of Spirodela polyrrhiza showed less antibacterial activity against the bacteria compared to Sargassum muticum. They showed no antibacterial activity against Klebsiella pneumonia and Staphylococcus aureus. On average, the extracts impart a significant antibacterial activity against these six bacteria which are resistant to several antibiotics. Even one of them (Escherichia coli) is resistant to 4 th generation cephalosporin but still fairly susceptible for extracts. The antibacterial properties of these marine and freshwater weeds can be subjected to develop new therapeutics to inhibit the resistant bacteria.
.They also contain vitamins like A, B1, B12, C, D, E, panthothanic acid, riboflavin, folic acid niacin, including minerals like P, Ca, K, Na (Prakash et al., 2018 ). In the current study, both seaweed (Sargassum muticum)and fresh water weed (Spirodela polyrrhiza) was subjected to the determination of antibacterial efficacy against several pathogenic bacteria and then their result was compared to understand which weed possesses the better antibacterial activity. Sargassum muticum, a brown algae contains higher phlorotannin contents among the marine phenolic compounds which have been found during a study (Kostić et al., 2012). Fresh water weed, Spirodela polyrrhiza as already been known in the scientific community for its bioremediating ability by removing heavy metal, arsenic as well excess nutrients 
MATERIAL AND METHODS

Collection of samples
Brown algae (Sargassum muticum) was selected to study in the current experiment and was collected from the Saint Martin Island of Bangladesh in South Asia. And Spirodela polyrrhiza was selected as a candidate from the freshwater weed which is commonly known as duckweed. Both of these samples were collected in the month of January, 2019 in sterile bags along with some water to make them alive and fresh and taken back to the laboratory as soon as possible. The name of these water weeds were confirmed after close observation of their physical features.
Sample processing
After taking to the laboratory, the samples were washed thoroughly first with tap water and then with distilled water several times to wash out the salt, mud, dirt or any other impurities. After that the samples were shed dried for three to four days to make it all dry followed by blending to get fine powder of these samples. These dried powder samples were then stored in airtight jars until further processing for the assessment of antibacterial activity.
Preparation of extracts
20g of each seaweed and duckweed powdered samples were taken and mixed with 80ml of 95% ethanol and methanol separately in sterilized glass bottles and incubated at 37 o C in shaking condition for 48 hours. After 48 hours shaking, the ethanol and methanol extracts of both samples were filtered through sterilized cheesecloth and then through Whatman filter paper respectively. Extracts were then kept in evaporator for evaporation of the alcohol and the concentrates were then collected as stock solution and kept at 4 o C until use.
Test organisms
Six different bacterial isolates were collected from different sources to analyze the antibacterial activity of the seaweed and freshwater weed. The bacteria isolates include Escherichia coli, Pseudomonas aeruginosa, Pseudomonas luteola, Klebsiella pheumoniae (collected from clinical laboratory), Staphylococcus aureus (collected from the collection of clinical freeze dried laboratory isolates from Department of Microbiology, Stamford University Bangladesh), Bacillus subtilis (collected from environmental soil sample). All the microorganisms were biochemically identified by standard biochemical tests.
Antibiotic susceptibility of the tested organisms
Susceptibility of the bacterial isolates to the antibiotics was determined by agar disc-diffusion method called the Kirby Bauer method. Antibiotics used in this study included 25 antibiotics like Amikacin 30 µg.disk -1 , Cefepime 30 µg.disk -1 , Gentamycin 10 µg.disk -1 , Colistin 10 µg.disk -1 , Nitrofurantoin 100 µg.disk -1 , Cephradine 30 µg.disk -1 , Ceftriaxone 30 µg.disk -1 , Rifampin 5 µg.disk -1 , Novobiocin 30 µg.disk -1 , Nalidixic Acid 30 µg.disk -1 , Amoxicillin 30 µg.disk -1 , Ampicillin 10 µg.disk -1 , Cefepime 30 µg.disk -1 , Cefoperazone, Tigecycline, Piperacillin/Tazobactam 100/10 µg.disk -1 , Meropenem 10 µg.disk -1 , Imipenem 10 µg.disk -1 , Ciprofloxacin 5 µg.disk -1 , Trimethoprim/Sulfamethoxazole, Entrapenem 10 µg.disk -1 , Cefpodoxime 30 µg.disk -1 , Neomycin 30 µg.disk -1 , Erythromycin 15 µg.disk -1 , Tetracycline 30 µg.disk -1 . A suspension of Escherichia coli, Pseudomonas aeruginosa, Pseudomonas luteola, Klebsiella pheumoniae, Staphylococcus aureus, Bacillus subtilis were prepared after standardizing with 0.5 McFarland solution for the study. Lawn of the bacterial suspension was prepared using sterile cotton swab evenly over the entire surface of Mueller-Hinton agar plates separately for each bacteria. Using sterile forceps antibiotic discs were placed aseptically over the surface of the inoculated plates and incubated at 37 o C for 8 hours. After incubation the plates were examined for the presence of the zones of inhibition and measured in mm.
Antibacterial activity of the extracts
Bacterial suspensions were prepared by inoculating the isolates into normal saline and incubated at 37 o C. The cultures were ready when they matched with the McFarland turbidity standard (10 8 CFU/ml) (Jorgensen et al.,1999) . Bacterial lawn was prepared on the Muller Hinton agar media using sterile cotton swab separately for each kind of bacteria. Ethanol and methanol extracts of Sargassum muticum and Spirodelapolyrrhiza placed over the media. 10 µl, 30 µl extracts (impregnated in sterile discs), 50 µl and 100 µl extracts (in well on the media) were used for antibacterial study. Plates were then kept in refrigerator for better absorption for 20 to 30 minutes in upright position and then incubated at 37 o C for 24 hours. After incubation plates were observed for the presence of zone of inhibition and measured in mm.
Determination of MIC (Minimum Inhibitory Concentration)
Minimum inhibitory test was done using 96 well plates. Nutrient broth was taken as base for dilution. At first 100 µl broth was added equally in wells from 1 to 11. From well number 2 to 11, extracts were added sequentially from 10 µl to 100 µl. Number 1 well was kept free of any extract solution to compare the growth of bacteria without any extracts as positive control. After that, 100 µl of bacterial suspension was added equally in all the wells from 1 to 11. Ethanol and methanol extracts were applied in two separate 96 well plates and for these two extracts five bacterial suspensions (Escherichia coli, Pseudomonas aeruginosa, Pseudomonas luteola, Klebsiella pheumoniae, Staphylococcus aureus, Bacillus subtilis) were inoculated into the wells of separate rows. The plates were then covered and incubated at 37 o C for 24 hours. In each plate different concentrations (10 µl to 100 µl) of the extracts were used for all of the five bacteria. After incubation our aim was to determine the well where no visible growth of bacteria was found after comparing with the growth of bacteria in well 1.
Determination of MBC (Minimum Bactericidal Concentration)
For minimum bactericidal concentration, loop full sample from the wells starting from the MIC concentration to the last well (well no. 11) were taken and streaked over nutrient agar media. After 24 hours incubation at 37 o C, the presence of the growth of bacteria on the streaking line was observed. The concentration of extract where no growth bacteria was first appeared can be determined as the minimum bactericidal concentration.
RESULTS
Bacteria from different origin were subjected to know the effects of the extracts on both clinical pathogenic bacteria and environmental bacteria (Table 01) . To know the antibiotic susceptibility towards the commonly prescribed antibiotics, Kirby-Bauer antibiotic susceptibility test was performed. 25 antibiotics from different groups were selected for antibiotic susceptibility test of the six selected bacterial isolates. For each bacterium separate antibiotics were used upon the availability of antibiotics. Amikacin, Cefoperazone/Sulbactam, Imipenem, Piperacillin/Tazobactam, Meropenem antibiotics were tested for four isolates among six and showed to be effective against all of the four isolates. Gentamicin was effective for all of the isolates. Cefpodoxime, Neomycin, Tetracycline, Erythromycin were used only for environmental and laboratory isolates Bacillus subtilis and Staphylococcus aureus and found to be positive in producing clear zone of inhibition. Bacillus subtilis and Staphylococcus aureus were also susceptible for Cephradine, Rifampicin, Ampicillin. The pathogenic isolates Pseudomonas aeruginosa (Tigecycline), Pseudomonas luteola (Colistin), Klebsiella pneumonia(Ampicillin), Escherichia coli (Cefepime, Nalidixic acid, Ceftriaxone, Ciprofloxacine, Cefuroxime) showed resistance to various antibiotics. Among them only Escherichia coli showed resistance against five antibiotics which include 3 rd and 4 th generation cephalosporins (Table 02) . 
Antibacterial activity of seaweed (Sargassum muticum) against Escherichia coli, Pseudomonas aeruginosa, Pseudomonas luteola, Klebsiella pheumoniae, Staphylococcus aureus, Bacillus subtilis were determined. Four different concentrations were used to find visible clear zone. 10µl, 20 µl suspension was absorbed into sterile filter paper and soaked on media. 50 µl, 100 µl suspension was added inside the well made on the media. For Sargassum muticumethanol extracts showed better effectiveness than methanol extraction (Figure 01 ). For ethanol extraction, 10µl extract showed no activity and 20 µl extract showed a little activity against Pseudomonas luteolabut the activity increased as the concentration rose to 50 µl, 100 µl. Klebsiella pneumonia was showed very little zone of inhibition with 100 µl extract whereas Pseudomonas aeruginosaand Staphylococcus aureu shoed moderate activity at 100 µl extract. On the other hand, for methanol extraction, Pseudomonas luteola showed no inhibition at all and slightly inhibition occurred for Escherichia coli and Staphylococcus aureus. Pseudomonas aeruginosa and Bacillus subtilis showed moderate inhibition and Klebsiella pneumonia showed the best results for highest inhibition among all the bacteria against methanol extraction (Table 03 ). 
Antibacterial activity of freshwater weed (Spirodela polyrrhiza) against thee similar bacterial isolates were determined. For Spirodela polyrrhiza ethanol and methanol extracts showed similar effectiveness like Sargassum muticum. Pseudomonas luteola showed no zone of inhibition against any extracts. Both extracts had only slight and moderate antibacterial activity against Bacillus subtilis and Escherichia coli respectively with 100 µl concentration. Ethanol and methanol extract showed moderate and low antibacterial activity against Pseudomonas aeruginosa at 100µl concentration (Table 04) . Table 04Antibacterial activity of Spirodela polyrrhiza against selected bacterial isolates by agar well diffusion.
Bacterial isolates Ethanol extract
Methanol extract 10 µl 20 µl 50 µl 100 µl 10 µl 20 µl 50 µl 100 µl Pseudomonas luteola
After identifying the antibacterial activity of Sargassum muticumand Spirodela polyrrhiza against some pathogenic and environmental bacteria, the study aimed to determine the MIC and MBC of both ethanol and ethanol extracts of the aquatic weeds from both marine and freshwater origin. Apparently it can be seen from the (Table 05) . 
DISCUSSION
As antibiotic drugs are getting to a situation where many pathogenic bacteria have become resistant, alternative resource is needed to combat such infectious pathogens with abundant, cost effective and consumer safe antibacterial products.
With the same point of view, candidates of aquatic weeds (because of their high availability) from marine and fresh water region were chosen to investigate such properties. Firstly, we biochemically confirmed the collected bacteria (Escherichia coli, Pseudomonas aeruginosa, Pseudomonas luteola, Klebsiella pheumoniae, Staphylococcus aureus, Bacillus subtilis) and detected the antibiotic susceptibility of them toward different antibiotics. Here we have observed Escherichia coliwas resistant to few 2 nd , 3 rd and even 4 th generation cephalosporin drug with resistance to 1 st generation Fluoroquinolones. Other bacterial isolates were somewhat sensitive towards the antibiotics we used for them with resistance towards a few antibiotics. From this part of study of understood the risk with infectious Escherichia coli which showed higher degree of resistance, and there is a need to discover newer agents to inhibit them. Environmental laboratory freeze dried isolates showed sensitivity toward the antibiotics we used for them. As they have not been encountered with antibiotics before, they have not started to get the resistance from other drug resistant isolates yet.
After studying the antibiotic resistance, we further attempted to determine the antibacterial activity of ethanol and methanol extracts of Sargassum muticum and Spirodela polyrrhiza towards those bacteria. It is great to know the extracts of the freshwater weed (duckweed) possess antibacterial activity to three of the common bacterial pathogens including one bacteria (Escherichia coli) with resistance to 4 th generation cephalosporins. This finding definitely could be a great opportunity to the pharmaceutical industries to take initiatives for production of new drug of choice for resistant pathogenic bacteria (Escherichia coli) enabling to keep the public health safe by lessening mortality and morbidity rate by the infection of multi drug resistant Escherichia coli.
The MIC and MBC test for the isolates with ethanol and methanol extracts of Sargassum muticum and Spirodela polyrrhiza represents similar results like agar well diffusion test. During this part of study we determined the MIC and MBC to determine the dosage of the extracts to inihibit the visisble growth as well as to kill the bacteria. For ethanol and methanol extracts of those two aquatic weeds, higher concentrations were observed (80µl-100µl). Bacillus subtilis and Pseudomonas aeruginosa ware inhibited at 60µl and 70µl respectively, comparatively lower concentrations than others.
CONCLUSION
Modern age is facing problem to combat diseases using antibiotics as many pathogenic bacteria have become multidrug resistant to the most advanced antibiotics. As a consequence, the pathogens are able to cause life threatening conditions which were before very easy to treat with antibiotic use. So alternatives or new drugs are necessary to treat infected people with such resistant bacteria. In our current study we observed that Sargassum muticum and Spirodela polyrrhiza have the ability kill some of such bacteria which are pathogenic and also have some resistance to some antibiotics. The most significant result was found for Escherichia coli (having resistance to 4 th generation antibiotics) towards Spirodela polyrrhiza extracts and little activity towards Sargassum muticum. This breakthrough information can be aimed to develop new drugs for treating 4 th generation cephalosporin resistant bacteria.
